Although our knowledge of the physiology of the tonsil is but fragmentary and incomplete, the pathology of this organ is very well known. We know that the tonsils are very often predisposed to infection, both acute and chronic, and comparatively seldom to tumor formation. Whether we shall class the formation of cartilage and bone in the tonsillar tissue as of neoplastic origin, or whether we shall regard such changes as due to the results of chronic infection, will depend largely upon our view as to the origin of such pathologic changes.
VI[e know that the tonsil consists, in general, of collections of lymphoid tissue, arranged in follicles, grouped around crypts and separated from each other by trabecul<e of connective tissue derived from the fibrous capsule which surrounds it. This structure is covered on the exposed mouth side by a stratified pavement epithelium. These tissues, together with the blood and lymph vessels, form the histologic elements and tissues of which the tonsil is normally composed. When any other tissue, such as bone or cartilage, is found in the substance of the tonsil, it must be regarded as pathologic and must be explained as being either metaplastic or neoplastic in origin, or as being a misplaced embryologic rest.
As early as 1898 Walsham called attention to occurrence of cartilaginous and bony nodules in the tonsil. While making observations on the occurrence of the tubercle in the tonsil he came across two tonsils in which he found both bone and cartilage.
The· first was from a man aged fifty years, dead of pulmonary tuberculosis. Both tonsils had undergone considerable atrophy. Scattered throughout the organ, at the base of the cypts, were numerous small masses of bone in the form of trabecul~, rings or solid nodules. They did not encroach upon the adenoid tissue.
The second case was a man aged twenty years, dead of chronic pulmonary tuberculosis. In this case large masses of cartilage were scattered through the adenoid tissue. In some areas it had been converted into bone. The matrix was in some instances of hyalin, in others of fibrocartilage, variety. The nodules were surrounded by a dense fibrous tissue, forming a kind of perichondrium. Some of the nodules penetrated the adenoid tissue, in one instance almost reaching the epithelium.
These two cases were found in a consecutive examination of thirty-four postmortems.
Walsham assumes that these cartilaginous masses were embryonic rests from the fetal cartilage of the second branchial arch. Professor Kanthack, to whom he showed his specimens, dissented absolutely from this theory, and believed that the cartilage and bone formation were due to a metaplasia of fibrous tissue.
Wingrave, publishing in the same volume of the Lattcet, first found such cartilaginous nodules in the microscopic examination of diseased tonsils, mostly suffering from a chronic hypertrophy, removed from patients under twenty years of age. This cartilage was both hyalin and white fibrous in type, imbedded in a dense connective tissue capsule, and never occurring in the lymph nodules or follicles. In one instance calcification was noted, but this he did not regard as truly osseous tissue.
In ten tonsils removed from cadavers, Topfer found cartilage in all three times. He also found in a tonsil removed from a case of benign mycosis tonsillaris a number of areas of cartilage, always surrounded by connective tissue, and never in the midst of adenoid tissue. In one tonsil removed from an old man he found an area which he believed showed a direct gradual transition from the fibrillar connective tissue. The center of the cartilaginous area was hyalin. Around this was a transition zone, which he designates as "Netzknorpel," in which zone he believes the connective tissue was gradually being transformed into cartilage. He regards the hyalin car· tilage as the finished product, and the fibrocartilage as a "vorstage."
Nosske found cartilage and bone in six cases; five times in both tonsils, and once in one tonsil only. The ages of these cases ranged from thirty-seven to seventy-six. These were found in various parts of the tonsil, but mostly in the deeper layers of the connective tissue septa. Numerous transitions from connective tissue to cartilage and bone could be made out. Nowhere did the cartilage or bone show any tendency to get out of the connective tissue. In all the cases atrophic and regressive changes were noted in the tonsils, mostly in the connective tissue septa.
Among others who have reported the finding of cartilage and bone in the tonsillar tissues are Schweitzer, E. Zuckerkandl, Imhofer, Munzer, and Reitman.
In order to determine whether we were dealing with an embryologic anlage of cartilage, Reitman examined in serial sections three human embryos of fifty-one, sixty and seventytwo millimeters in length. Furthermore, he examined serially fifty tonsils from thirty-seven individuals of all ages. In all, seventeen tonsils, or thirty-four per cent, gave a positive finding.
In none of the three embryos could he find anything definite, though in the embryo of sixty millimeters he found a piece of cartilage at the end of the styloid process, and in the position of the still undeveloped tonsil.
He found cartilage in the tonsils of four newborn infants, in one child of one-half year, in one of one and one-half years, and the other cases varied from six to thirty-three years. In most of these cases he had to deal with hyalin cartilage, less frequently with the embryologic type of cartilage, rich in cells. All of the cartilaginous foci were distinctly separate from any connection with the skeletal tissues.
My attention was first called to the subject by finding areas of cartilage in sections of the tonsils removed from a case of benign mycosis of the tonsils. The age of this patient was sixteen years. The tonsils were very small and atrophic, and the crypts were filled with the typical masses of mycelium of the fungus growth. The lymphoid tissue was greatly reduced in amount. The cartilaginous areas were found near the posterior capsule and in the connective tissue of the framework, having no connection with the lymphoid tissue. (Figure 1 .) The cartilage was definitely hyalin in character at its center, and near its edges seemed gradually to pass over into the connective tissue of the tonsil by means of transitional fibrocartilage. (Figure 2. ) No definite capsule could be made out, and at the edges of the cartilage, as in Figure 2 , which is an enlargement of part of Figure 1 , the direct transition from the connective tissue framework of the tonsil to the hyalin cartilage can be made out.
The second case, from my own practice, occurred about six months ago, in a young woman of twenty-three years, suffering from a chronic tonsillitis. The tonsils were slightly enlarged and the crypts were full of foul-smelling, cheesy plugs. The enucleation was very difficult, a sna're wire being broken in removing the right tonsil. In passing the finger over the capsule of the tonsil the hard nodules could be plainly made out macroscopically. Sections of these tonsils show the numerous areas of cartilage. These are all of the hyalin variety, They are all situated in the connective tissue of the organ, They do not seem to have a very definite capsule, but one can make out the gradual transition into the fibrous connective tissue of the trabecular framework.
In running over the sections of the tonsils which we have removed at the Milwaukee County Hospital during the last two years, I found one other specimen. Undoubtedly, in working over this material we would have found many other instances had we made serial sections and examined every fifth or tenth section, as was done by Reitman.
CONCLUSIONS.
It would seem from these isolated cases, and from a study of the literature on the subject, that the presence of cartilage, and even bone, in the tonsillar tissue is not of uncommon occurrence. It would be found much more commonly and frequently were all tonsils removed, sectioned and systematically studied.
The cartilage found is true cartilage, and is of the hyalin and fibrocartilage varieties. It is uniformly found near the capsule or in the connective tissue framework of the organ. It never invades the lymphoid tissues. It has been found in all ages, !:Jut more usually in the tonsils of adults. It has most commonly been discovered in tonsils which were either undergoing regressive changes or which were the subject of chronic inflammatory changes; less frequently in the healthy normal tonsils of children:
Whether the bone tissue occasionally found in tonsils is true bone, or whether it is a calcification of preexisting cartilaginous tissue, is a question I cannot enter into with the material at my disposal. I am, however, inclined to think that true osseous tissue has never been found in the tonsil.
The theories offered to explain the presence of the cartilage are three: First, that it takes its origin from the fetal cartilage of the second branchial arch; second, that it is a remnant of misplaced embryologic rests; and third, that it is the result of a metaplasia of connective tissue occurring in tonsils which are the foci of chronic inflammatory processes, or which are in the process of atrophy.
If the cartilage occurring in these tonsils takes its origin from the fetal cartilage of the second branchial arch, or if it is a rest of embryologic cartilage, misplaced, we would naturally always expect to find only one variety of cartilage. As a matter of fact, we find two varieties of cartilage: fibrocartilage and the hyalin variety.
I f the cartilage is a remnant or rest of misplaced embryologic cartilage, why should we uniformly find the foci only in certain regions of the tonsillar structure, and always bearing a definite relation to the connective tissue framework, as Topfer points out?
Moreover, if the theory of misplaced embryonal cartilage be true, then we must expect to find the cartilaginous areas as frequently in the tonsils of children as in those of adults. This is not the case, for Nosske was never able to find these changes in children, and Reitman, although he did find the changes in children, was not able to find them as frequently in infants and embryos as in older children and adults.
It seems much more logical to me to explain these changes as a metaplasia or a metamorphosis of connective tissue, due to inflammatory, hypertrophic or atrophic regressive changes in the tonsil. The reasons for this are:
First, that the cartilage always occurs in definite relation to the connective tissue. This was true in my cases and in all the reports in the literature.
Second, these areas of cartilage never exhibit any true perichondrium about them, and can usually be shown to merge by gradual transition into the connective tissue surrounding them. This can be made out in my first case "in Figure 2 , which is an enlargement of a portion of Figure 1 , where the hyalin cartilage first passes over gradually by means of fibrocartilage, and then a dense connective tissue rich in cells, into the normal connective tissue of the tonsil. In fact, we must consider the hyalin cartilage as the finished product in these cases, and the fibrocartilage as the "vor-stage" in its formation. 
